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Abstract 

Advanced environmental barrier coating concepts based on multi-component Hf0 2 (Zr0 2 ) 
and modified mullite systems are developed for monolithic Si 3 N 4 and SiC/SiC ceramic matrix 
composite (CMC) applications. Comprehensive testing approaches were established using the 
water vapor cyclic furnace, high pressure burner rig, and laser heat flux steam rig to evaluate the 
coating water vapor stability, cyclic durability, radiation, and erosion resistance under simulated 
engine environments. Test results demonstrated the feasibility and durability of the environmental 
barrier coating systems for 2700-3000 °F monolithic Si 3 N 4 and SiC/SiC CMC component 
applications. The high-temperature-capable environmental barrier coating systems are being 
further developed and optimized in collaboration with engine companies for advanced turbine 
engine applications. 
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;AS/BSAS+Mullite Based EBCs 
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Zr0 2 -8wt%Y 2 0 /Mullite+BSAS/Si System under High 
Temperature Thermal Gradient Testing 
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Sintering Behavior and Limitations of Current Zr0 2 - 
8wt%Y 2 0 3 and Mullite Coatings 
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Advanced Environmental Barrier Coatings for 

Si 3 N 4 Applications 
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Plasma-spray processing of A 2700 °F capable coating system 

Environmental barrier coating for Si 3 N 4 



Advanced Environmental Barrier Coatings for 

SiC/SiC CMC Applications 
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NASA Laser Heat Flux Rig Testing in Water 

Vapor Environments 
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coating system evaluation 





Multicomponent Hf0 2 -Mullite Coating Systems on Si 3 N 
Demonstrated High Temperature Durability 
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Selected test specimens after testing 







Environmental Barrier Coatings for Si 3 N 4 Showed the 
Effectiveness in maintaining the Substrate Strength 
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Specimen conditions 


Hafnia-Based Coating Systems Showed Water Vapor 
Stability and Durability in High Pressure Burner Rig Testing 
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Time, hours 


Modified Mullite Showed Long-Term High Heat Flux 
Cyclic Durability on Si 3 N 4 AS 800 
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Time, hours 


Modified Mullite Showed Long-Term High Heat Flux Cyclic 
Durability on SiC/SiC Ceramic Matrix Composites 
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Time, Hours 




NASA-GEAE 3100 °F CMC Turbine Vane and 
Combustor Coating Collaborative Efforts 



After testing 




Multicomponent Hf0 2 -Mullite Coating Systems 
Demonstrated 3000 °F Sintering and Cyclic Durability 
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Advanced environmental barrier coating systems developed fo 
SiC/SiC CMC and Si 3 N 4 ceramics 

- Multi-component Hf0 2 (Zr0 2 ) - mullite coating material systems 

- Multifunctionally graded coating systems and layer graded coating 


- 2005-213444 


2 = 

£ 5 

a -5 

£< 
</> i 


£ 

0 

o 

o 

~o 

c 

o 

n 


E 

0 

5 

o 

0 

n 

0 

o. 

0 

o 

0 


(0 

a> 

a 

E 

a> 


O) 

■ 

£ "O 

T3 a 
0 ) (0 
o ±: 


</> 

c 

o 

E 

0 

"O 


JQ 

s 

3 

"O 

o 

o 

> 

o 

"O 

£ 


.Q 

2 

to 

o 

Q. 

> 

0 

0 

5 

o 


> a- 
■■ 

"to 

S S 

= -o 
o 

>» o >» 
4 ^ o O 


(0 


~G 
0 

a 2 
E to 

o 

O) | 


■ 

■ 

CO 

.Q 

-Q 

0 

i 

0 

+-» 

3 

0 

■o 



to 


£ 

O 

O 

o 

E 

CM 

0 

■O 

T3 

0 

U) 

0 

£ 

to 

■ 

+-» 

0 

£ 

O 

o 

o 

E 

o 

0 

T3 

(0 

0) 

o 

■ 

o) CO 

£ 

1_ 


o 

0 


o 

to 

o 

3 


■L! 

z 

E 

co 

■ 

o 

CO 

o 

U_ 

LL 

o 

o 

O 

O 

O 

O 

h- 

o 

CM 

CO 


0 

+■> 

0 


£ 

o 

E 

0 

T 3 

(/) 

G) 

£ 


O 

O 

0 

£ 

0 

> 

0 

£ 


I I I 


24 


Thermal radiation and erosion resistance also being improved 

— Defect cluster and high toughness coatings 
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